Time to blip – stochastic simulation of single channel opening by Thul, Ruediger
Thul, Ruediger (2014) Time to blip – stochastic 
simulation of single channel opening. Cold Spring 
Harbor Protocols . ISSN 1559-6095 
Access from the University of Nottingham repository: 
http://eprints.nottingham.ac.uk/34108/1/Time%20to%20blip%20%E2%80%93%20stochastic
%20simulation%20of%20single%20channel%20opening-Thul.pdf
Copyright and reuse: 
The Nottingham ePrints service makes this work by researchers of the University of 
Nottingham available open access under the following conditions.
This article is made available under the University of Nottingham End User licence and may 
be reused according to the conditions of the licence.  For more details see: 
http://eprints.nottingham.ac.uk/end_user_agreement.pdf
A note on versions: 
The version presented here may differ from the published version or from the version of 
record. If you wish to cite this item you are advised to consult the publisher’s version. Please 
see the repository url above for details on accessing the published version and note that 
access may require a subscription.










Ca2+	 and	 IP3	 to	 and	 from	 their	 respective	 binding	 sites	 and	 is	 especially	
important	in	the	initiation	of	a	Ca2+	puff,	i.e.	the	release	of	Ca2+	through	a	cluster	
of	 IP3Rs.	 Once	 the	 first	 IP3R	 opens,	 the	 Ca2+	 concentration	 rises	 significantly	
around	the	ion	channel	and	hence	increases	the	open	probability	for	neighboring	
IP3Rs.	In	turn	this	may	trigger	the	activation	of	further	receptors	giving	rise	to	a	











1. Derive	 the	 transition	 scheme	 for	 the	 stochastic	 dynamics.	 Suppose	 that	
each	of	the	four	subunits	of	the	IP3R	exists	in	only	two	states	(as	e.g.	in	the	
Li-Rinzel	model	(Li	and	Rinzel	1994)),	viz.	active	and	inactive.	Then	there	
are	 five	 states	 for	 the	 entire	 IP3R	when	we	assume	 that	 all	 subunits	 act	
independently:	4	inactive	subunits	(C4)	to	no	inactive	subunit	(C0).	When	
the	 transition	 rate	 between	 the	 active	 and	 the	 inactive	 state	 is	�	and	




states	 per	 subunit	 can	 be	 represented	 by	 the	 five	 states	 C4	 to	 C0,	 where	 the	 subscript	





















2. Write	down	the	stochastic	 transition	step.	Suppose	e.g.	 the	channel	 is	 in	
the	state	C3,	then	there	is	a	probability	of	3���	of	making	a	transition	to	C2,	
a	 probability	 of	���	of	 making	 a	 transition	 to	 C4	 and	 a	 probability	 of	
1− 3� + � ��	of	remaining	in	the	state	C3	during	a	small	time	interval	��.	
When	we	draw	a	random	number	�	that	is	uniformly	distributed	between	
0	and	1,	if	
• 0 ≤ � < 3���	then	make	transition	to	C2,	
• 3��� ≤ � < 3� + � ��	then	make	transition	to	C4,	










    open=0; 
    k=0; 
    while open<4 
        k=k+1; 
     rn=rand; 
        tmp=(4-open)*dt*b; 
        if rn<tmp 
            open=open+1; 
        elseif tmp<=rn<tmp+open*a*dt 
            open=open-1; 
        end 
    end 







5. The	 code	 shown	 in	 step	 3	 simulates	 50000	 (Nr)	 channel	 openings	 and	
saves	the	time	it	takes	for	each	individual	opening	in	the	array	openarr.	
As	suggested	by	experiments,	it	is	assumed	that	the	channel	opens	when	
three	 subunits	 are	 in	 the	 active	 state	 (while open<4).	Every	 channel	
opening	 starts	 from	 the	 configuration	when	 all	 four	 subunits	 are	 in	 the	















same.	 To	 generate	 reproducible	 stochastic	 simulations,	we	 need	 to	 initiate	 the	









For	 this	 protocol,	 we	 have	 chosen	 the	 simplest	 IP3R	 model.	 For	 more	
sophisticated	 models,	 there	 are	 further	 considerations.	 Firstly,	 the	 transition	
scheme	becomes	more	 involved	and	often	cannot	be	represented	for	the	entire	
ion	 channel,	 but	 instead	 for	 a	 single	 subunit.	 Secondly,	 we	 have	 to	 use	 more	
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